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Practice:

In those cases where spacecraft science requirements or attitude control systems impose
constraints on the magnetic characteristics of components and the use of ferromagnetic
material cannot be avoided, perform a complete demagnetization of the ferromagnetic parts,
individually, prior to assembly.

Benefit:

In an unassembled state, ferromagnetic parts can be exposed to stronger AC demagnetizing
fields, as high as 60 mT (600 Gauss), thus assuring a lower level of remanent magnetization
than can be achieved after the parts are mounted on assemblies.

Attaining a low level of remanent magnetization minimizes the adverse effects of unwanted
fields. In those cases where magnetic compensation may be required, the ability to apply
high level fields to an unmounted part enables the utilization of techniques to stabilize the
magnetic moment of the part.

Programs That Certified Usage:

Mariner Mars 64, Voyager, Galileo, Ulysses

Center to Contact for Information :

Jet Propulsion Laboratory

Implementation Method:

The part being demagnetized is placed in a controlled AC magnetic field and rotated on all
three of its axes as the field is exponentially increased and then returned exponentially to its
lowest level. During this process, the ambient magnetic field must be reduced to near zero
intensity (< 500 nT) while the parts are being demagnetized. This condition can be
established either through the use of a triaxial coil system, to generate nulling fields, or by
placing the parts in a magnetically shielded container. Effective demagnetization cannot be
achieved in the presence of the earth’s field (0.05 mT) because a
significant number of magnetic domains will remain aligned along the
ambient field vector and result in a residual dipole moment.

After the demagnetization process is completed, the part and the



PRACTICE NO. PD-ED-1220
PAGE 2 OF 4

DEMAGNETIZATION OF FERROMAGNETIC PARTS

assembly to which it is mounted should not be exposed to magnetic fields in excess of 2 mT.
This control assures that any subsequent demagnetization of the assembly at 5 mT will be
adequate.

The size and configuration of the demagnetizing coil may vary depending upon the specific
parts being treated. However, in most cases, a simple solenoid provides the adequate
flexibility for such items as connectors, fasteners, and small parts. In some cases a
commercial 60 Hz magnetic tape degausser can be used. For a solenoid, the wire size and
number of turns are determined by the size of the AC source (voltage and current capacity).
Series capacitors are used to tune the coil for resonance. The physical access to the center of
the solenoid must be adequate to allow for the rotation of the part on all three of its axes
while exposed to the demagnetizing field.

At JPL two systems are in use to provide a near zero static magnetic field environment for
high level demagnetization. For smaller test items, a double walled mumetal shield can,
approximately 60 cm in diameter and 120 cm long, is used. Within the shield can, the AC
demagnetizing field is generated by a solenoid. Larger test items are treated in a zero DC
environment produced by a triaxial Helmholtz coil system having a maximum diameter of 3.6
meters. AC fields up to 10 mT are generated by a coil pair 2 meters in diameter contained
within the triaxial system. Other demagnetizing solenoids and coils available for use include
the following:

14 cm i.d.
coil

42 cm i.d.
coil

60 cm i.d.
solenoid

116 cm i.d.
Helmholtz

Max. Field1 60 mT 50 mT 24 mT 0.6 mT

Wire Size 20 AWG 20 AWG 10 AWG 10 AWG

Windings 1 2 3 2/coil

Turns 1600 1368 426 58/coil

Ohms/Winding 30.5 25.7 3.1 0.8

L/Winding 506 mH 100 mH 57.5 mH 9.6 mH

Series Capacitance 14 uf 80 uf 14 uf ______

Coil Construction 10 mT/amp 2.8 mT/amp 1.2 mT/amp .08 mT/amp

Weight 4.5 kg 10 kg 5.3 kg 58 kg

1 230 volts at 60 Hz
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Technical Rationale:

Ferromagnetic materials, such as the alloys of nickel and cobalt, are of concern because they
exhibit hysteresis and have permeabilities which are dependent upon the ambient field
strength and temperature. Parts made of these materials exhibit dipole moments which can
create disturbance torques and also produce unwanted external magnetic fields.

The demagnetization process has either of two objectives: first, to reduce the remanent dipole
moment to its lowest practical level or second, to stabilize the moment with respect to the
expected environmental extremes for temperature and field exposure.

Because of the potential adverse effects of strong magnetic fields on electronic components,
spacecraft assemblies are not exposed to demagnetizing fields in excess of 5 mT (50 Gauss).
This level of demagnetizing field is based on the conservative assumption that the spacecraft
hardware will not be exposed to magnetizing fields in excess of 1-2 mT.

Frequently, in the process of fabrication, parts made of ferromagnetic materials are exposed to
magnetic fields far in excess of 1-2 mT and, in some cases, are received in a saturated state.
Ideally, the demagnetization process should remove the saturated remanence by a complete
randomization of the domains in the material. However this typically requires a much higher
field intensity than the 5 mT demagnetization field used on completed assemblies and
subsystems.

In those cases where demagnetization is not adequate, the magnetic moment of the part must
be stabilized and compensation obtained through the addition of an equal but oppositely
directed dipole moment (a permanent magnet). For this technique to be effective a strong
magnetizing field must be applied to make sure that the ferromagnetic part is in a saturated
state prior to compensation. This would not be practical to do with the part installed on a
completed assembly.

Impact of Nonpractice:

External magnetic fields produced by spacecraft assemblies and subsystems can result in the
contamination of science magnetometer data and the distortion of plasma wave and charged
particle measurements.

On Earth orbiting and Jovian missions, the interaction of spacecraft dipole moments and the
ambient field can result in disturbance torques which adversely affect attitude control systems.
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